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Abstract 



PROBLEM TO BE SOLVED: To obtain an instrument for automatically surveying linearity of road which can 
automatically acquire the curvature of the running road of its own vehicle in any environment. 
SOLUTION: A composite inertia surveying section 3 successively estimates the errors of the acceleration, 
angular velocity, attitude angle, inertial position, and inertial speed of a moving vehicle 7 based on the 
positional data of the vehicle 7 which are obtained from GPS signals and GPS correction signals on such a 
road that the section 3 can receive radio waves from GPS satellites and a GPS base station 10. On such a 
road that the section 3 is not able to receive the radio waves from the GPS satellites and GPS base station 
10, the section 3 estimates the errors based on the running speed of the vehicle 7 from the speedometer 5 of 
the vehicle 7. Then a data processing section finds the curvature and longitudinal and transversal gradients 
of the road based on the position, azimuth angle, and attitude angle of the vehicle from the section 3 and 
displays or stores the found data. 
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3, 




1 

[^fFW*0«5il] 

*gaw*s * « a fe t 1 - * nan t * * -r a z t z& 

umm2] mm&mmmi, m^3m<Dm.mcom 
m&mt*i><Dmm&*mfr bt mz&ft&fr *> ©« 

&*i<>3;* h 7 INS 4^^bTVi5 C £. 

[■1*313] fMBT^fflaaHi/ 

tuiBais© u -if rant* e> © buibjIbs t mmmmm 
t © w©ei« cs^v>-r mm&mmmco tti»&&<Dtm 

troB£»ft t * 6 i5f3jiss©8ews xmm £sm*&v>-c 

9ll^{±2gB«ffliiBS!^mSl!;®JS*«. ' 
[i»#!H4] MIBtStt«!iag|itts 
GP S*fifrfeOGPS«#i:GP sat4»JB*6©QP 
S«jE«$a* IBI^f tSfi bTHufB^«I*W©{!iM**«) 

tuHa^tt<4MSU : «ttjt«3iU t t:Hul3G P S^tt®^?> 
©ffi«Xtt«flB*aW-*6 ©j&K*M&A# bt HiJfBin 
ttftomfe. il!0ii> KMcMtt, «tt<£B© 
Mil, Mttj*A<Z>K£*X&ft£U C©Jft£bfc&M 

misT^z>z£*!&m£T2>m&mi. 2x(i3iB«© 

[0 0 0 1] 

SB (MU 8S) A V£BXtt«B® ttMKLT 



2 

ffi * jiff * ** « & y -f a t- jE«s t: w « mm 

[0 0 0 2] 

[t£*0ft'#] -*fc, gt#©iiE8©&B> a* 

[0 0 0 3]-*, JE^fcfc^THU GPSifikv 
^t&JSiitfGP S*8*Hfirfc£«U £tt»#GPS 
10 3MUil*&©«**e»-Tf«Kv J&JSE^ffllM^S:*!®?- 

s c k c i & ttttttft* n±* * 4 7 r v > >> 

GPSSfiStflfXb-tVSo 

[0 0 0 4] ;©J;a*r-f77>>i't;i'GPSSf 

^i6-ra*iie©3i>:7cffiB*itaijb, ;ib&© 
[0005] z<Dfimz, lEffitc&Btftf-fr-p-t^as 

^©GPSS*^C43V>T, gffi4{i©GPSffiM*> 
*>©GP S«^f£fi«iJ£:«b-C{4B (^Sv iS 

20 -rso 

[0 0 0 6] »illg#GPSlMi)>?,GPSit 
*B*UT»fcffiBfc* GPSaS*»A»60iH9iS*i: 
ttt«t8^i:ti , 3t,'GPSfIil>60t*t« 
tlSSA (selective availabili 

ty) % mmm. e«**cj:*«i&««-4iB*bTjE 

[0 0 0 7] 

[0 0 0 8] £iI«©#V>:tJ»fc#< ©»**** 

oTfT^TthSiJ4fTfc^ltil«^e.'&V^©T-s 

v 4 § I s fi c t- nrt 6tt 4 fls © a t ^ d p^ffl^* 5 o fe . 
[0009] ^?>c, ^-f 7Tb>^-v;i/GPsaya 

fix ^B, ^IBv tt^©i«fii«tfffi<* Ji?>o^*A 
[0010] c? fPrUgp©^;^^ h >^;i/F«3T-{± 

[ooii] tt±ora«A*«p*-rsfe»c 
aBstf^ff bt v>s«e&©ffi^$: eaw^tf?. C 

T- & SjtKSSJg ai!)Sija^B4«SCi:4gWi:-rs. 
[0 0 12] 

'J>*< k*aj%^^^©^i!;»rss©affi©« 

*aijiB^ii(iaB*Bc*v^T, sttsjaaq^&ofi 

50 ttffiBSVjMMItjSifeAau i «D«tt(ttfi k#.ffift 
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£l t^V^T^i&^PS* 5 ^ LX Vi 5 jtB§©ffi**g£ 
[0 0 13] il*ffllt*V>Tttx WttSHSgPtx-^ 

x^-^mmmzmm^n^, ^tt, ^-^iasas 

[0 0 14] Z(Dtz®. V 7^-^fflI©J;a ai^ 

[0 0 15] tS&SJSgBii, 
57 b 7 9 m>i I N s smut v>a ; 

[0 0 16] »*«2 t*V»TI4x «ttifi!lSa547 h7 
y:Ty>}>MINSfcLTV'>S*:i6> 3*S©^-t"fn© 

«C< fttiftKtfjRH* F&Jt, »»#l6a©j«#Cfl-tt6il 

G P Sf I*6©1$* b >*;K SP 

[0017] c©fe» % h>*)K mmnmm&^u 
rugp^ *jeff b x vt * itE§©a**g* i mm c# 6 

[0018] if sRipt 3 «\ ^-^Maecti. ®mmm<D 
n t © ®s§st casrs ^suppo© iu^ses© 

[0 0 19] Wa&BSfcfcWtli* :r-**!L3IgfSli&¥ 
jIK t *&© H(DftEfi>6 ^«;«iS©mi^S©fla^ 

[0 0 2 0] £©&»» b>*;k ftfl*£*l#£V%& 
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mgp^££frLT^Tfcfil&©ffliiM£g, itSS©«© 

[0 0 2 1] l$«4tt', UttSHfigfili. GPSII* 
6©GPS«^fcGPS2WS*6©GPS1ifiIEflMR* 

ra^fcS^b-r^»*se©ffiH*5R»a©GP s^tt^ 

i:, &ft#ffi©¥tt*&ttr&4»ft£lctt*ltt£JSM 
£*U «ffi{SSSV«SjiSMV{CGPS^l!)^*f>© 

fiLHX(±*atf^ <Dmm*m&Ati hxtumstcom 
ftmmamm, gm&omm, m&nnom^ « 
io tt»*©Rg*s**;eu cfflji^bfc#is^ca^ 
^xmms., ternm. &iws, «&&b, 

[0 0 2 2] iit:>f<«4tCi5^T{±, ^b7^7W>I 
NS ©*;&£»& UTV^ So Xh7'>7^>INS 

tt, ^P4©i^iictf-=.Ti)Pjis. Mmm<Dm£vm*.T 

t±D, G.PS»g;&tfGPS»igJ!*»5>©m«4§{g 

-etsilBg-eti, GPSfi^s^GPSMiEe^ic^ 

20 <^lfi^©{5B7 i -^t^VVTi)D»a[©^^ fcJS 
*©»£* g»^©^H, M&ttB©fit& «tt5S«© 

S o 

[0 0 2 3] $fe> GPSIIfiUGPSaM*?.© 

*ss«*jtffbrv>a»^tt^ ©a* 

MTiQ»JK©RaSs ^as©^M, gS&*S©»Hs «tt 
fitH©^^> «ttjtK©MIIS:M^Ji^b, C©Ji^b 

30 tz&mMtz&-3^xbam&, &mm. ®&&. 

[0 0 2 4] Z.(DtzV>, ffO«t-5«:SI*Tfc*V^Ttx 
■f A T- f# S C t *5 rT i: ft a o 

[0025] i§5Rii5tt, ^-fmmmz. m&&.WR 

[ 0 0 2 6] $mm 5 t:^3V^Ttt^ ^K)*S©«tt{SB 

40 i!TV>a 0 d©fe«), CltL^©tf?g*ft®Tfi : < 
i:x ffl* s t)ft^SWi3ECjt£;u.fejIB&©¥mi»^tt* s 

[0 0 2 7] 

[»Woi«Eft©»Jt] 0 1 tt*»W0S(GK©J&ffi©*W 

«j5X0T-feac ei i (Dmsm&smma&m 1 1±, gp 
*j$ff5t, i/—vmmt6 tinm&LztixftM 

V^*T©»WCifcoT*tt«i*P3 7©iE**ift«x ^ 

so jies©a^^*«)a*.fflTfea 0 
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[0 0 2 8] GPS&1WS2H:,. GPSiI*?>©GP 

s«^t/aH*^c»»6nrv^5GPsasi(«»i o 

*>*>©GPS{i*§ (GPSttlEtitffi) i:*gfiU PS* 

[0 0 2 9] f&fr*>x GPS^«)S2i:GPS*Sp^ 
1 0tt-f^77l/>^t;i'GPS->7fA4Mbt 

[0 0 3 0] B5M©GPS^|&^2{i > GPSSip^l 
0*»£,GPS«IEflf$g£, glWSiSIBfcrt-LTgfrf 
3g»»SiS«l 3 i:, GPS?SM*»*>©GPS{1^£ 
S«r* i:*t £«j*1ifS*B 13 tfgffibfcG P S*SIE 
««*A*U iE*&tt**wV©ffifi*:*»aGPS 
Sfittl 2 fc4«*.TV»*. 

[0 0 3 1] GPS£¥fi>l Ofcfc, GPS^Mfr 

^©GPSif^SiU £©QPS«**W*rU £ 
JBt*W-4ft«Rf*!l, £^©teB^£GPS*§IEtlffgi: 
LT*fi)SGPS§l«15i:, GPSSffiil5tj? 

6 ftfc G P S IflEflt IB* £ Wlfifj b T 5 

[0032] m-^«t£S!ifig» 3 i±, g p s ®mm 2 A** 

ft&W-SiffPiTfflffiHT*-* (Xv Ys Z) i:, Slfi* 
Bfj£©flflS*fc»*att»*lS7©ffl»ffiB 

[0 0 3 3] :r-**asg|5 4tt, gtMVPf 7 ©&»<fttt 

7 ©*#fc»Bf i: ©«**»*«■« U }g£«tt«!lSg|3 
3*6©tt*MMr'*»ft, #tiM«»&ttB©IK«tftT 

ft**g*jiaib-ca35«xttBifr*. 
[0034] < wetwami* > m 2 {i^wttamass 
V7*-^5ii3iai5©«tBS«jiRs-efea. szt^t-tac 

B£tltt8l*ffi 3 tt, «teJtrC^$B 2 0 i:*;i/^>7^;b 

*2 IfcfrfeUWtSnXHS. 

[0 0 3 5] W4M&SB2 Ott* Sn3&gfh2 2 fc, ftDj* 

m'r-^mm^mz 3 iDis«^s^si*S2 4 

tti&M-fl¥JB 2 5 i: N ywn2 7k, fcJfiB^-^ffl 

[0 0 3 6] <«^«H43l|ga5ffl$*m©^iHBSiW>5b 
^v>7-r;i/^ 2 ii±s «as*-a*tattJ|t*a2 5*>e> 
©«ttffi«RV«tt«JKi:, GPS^S)®2A»^©ffSJ 

bt\ ^-fD2 7.©^ jm3UgVl& gfM&H, <fi 

ail. a*BUS«**£:r*. 

[0 0 3 7] KMC^-V-f D2 7©KittftiSlT-^ 
fS2 8^ SPM*ill(±llDii«7 i -^i!lS^2 3 

ggM&fct&atf- ff^ i» 2 9 fc, ttitttii&waug 
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[0038] sd&k^-^s^k 2 3 « N e£ 3 
*;u-?>7-<;u^ 2 ia»&©fti»«8UScas^Tl«E 
[0 0 3 9] AD»Rft«%}fl#IB 2 4 li, 

*fii©«©*«*t:*aib*r»iWEli**»4. 

10 [0 04 0] jtt&»ft¥8 2 5 {±, 2fltiB££fi<g&¥£ 
2 4A»f>©^!!)ffi»hx *^v>7-r;^2 1*6(Dtt 
B««av««»SSi:*A*b % ;:ft6©«f«cas-3v> 
■TW3e©MS**±t*»4tt«*iiS7©ffi»iftB («4 

[0041] fca&B^-^ji&a^a 2 8 au sse 3 me 

%}^>XiS>ttt>tltz3 TOV^-i D 2 7*^©tfem^efc 
MtZBtftWm <DMmS.iL, *;i/v>7-f 2 ia> 
£>©S?-W D©Rit*AAU -^t-fD2 7ii^©i 

v-r D©»3sba-dVAT«iEr*. 
20 [0 04 2] £»itJMM[82 9 1±> aa***-**!^ 

1 g$2 8A>£©*iS£gi;, jb^VrM 2 lfr.^fflSi 
*©«»»ISi:*X*bx in^©flMBfcaSt5^T*« 

5*-*Jtt3»4fcSlH-rs.. 
[0 04 3] «£1IN£afttf-3 tt, jbnttBff 

2 2*>?.©iPiSS^a^bTtf-Sll*i^7©^tfffiBSV 

l/Ttm*«7©»M» *{5i^**©, *o«tt»ai 
©ti^SrJWJ-rsfefeCs *;i/v>7^i/^2i» 
30 -r#K*4*BiE-r*^-f ^Uv MttS*&»b"tv>*. 
[0 0 4 4] <f*— *»3»©*|J* J&WW 4 1± 

02 t^f«k-5Kv ffl^*aH"St*SS3 Ofc, £^83 
1 t, fB8¥Bt3 2 i;, «PiM«fMI¥S3 3 SJE 

[0 04 5] ffl^^gff-S^lg 3 0 «\ m^WKiiJMgP 
3*6©»tt©iB»tt«*A*f *. *IT, ^Efflffi 
«ffiBkWia©ffl»ffiBk*6ISi*©ffl»(ttB*a*W 
«©n^S«^«>T%^«3 lXliffi»*S3 2(C|3 

40 [0046] mmnmim¥&L 3 3 a, #*tt©je^t 
is «■ 6 nfc 4 ^ © v -if m m» 6 * & ©ise t * © 
ffi*m***i*ii^*b< ^n6©ffint«ca6^v»Tft 

ffl«^©ml^*^©ffi?4*^» a . 
[0.0 4 7] 4E9f 3 4 J±, «^«t4»JMSP 3 *^ 
6 ©*»ft fc*P8M»9HI*S 3 3 iff, ©ftflVPi 7 © 

«rtte*©*iJ*i:*x*u ^n«>©if?acs^v>-cB 

x»iB«^a3 2 cffia-r*. 
[0048] <ftf^iaw>±iB©J:-5fc«ij«*nfca«s 
50 4fu»sfj««i«©nff*jiiTicittn-r«. gps^kj 
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[0 0 4 9] IHi*N7«(D4-^l/— ^tt % GPSti 
J^2©gI««iS*il 3*JBVVtGPS*S?USl 0fr6 

GPS«iEtif$B£j£«£-e-So GPsfi^iocDme 

S16I1 GPS«IE«$fiffifcj2lg5fc£fl^TGPS£ 
AMI 5A»6<D**H(fl[«*GP-SMiE««i:bT»» 

«eiH*^uTa*»«'ra. 10 
too5 0] if m*n 7 fcjMRsiyt i^qps&imh} 
2ogps§isi 2«, smmnmm 3#g«bfc 

GPSIijEfll«i:GPS«M*6©0PS«^ki»e.ff 
SO* H 7 ©jEttfetimS^ttTtt^lRttSIStt 3 fcaSffi 

[0 0 5 1] ffefcfcx GPSgii2i:GPSSf^ 
1 O^T^rlx^^l/GPS^^A^fSmUTiE 

[0052] ifec, a^-«K«ijsgp 3 tt, m^-izmmm 

[0 0 5 3]-*, I6itt*i«3fl)*A7>7^ 

ft GPS&«/^2*>6©if«!l 
7 ©tt«fc*»» 5 UTS? W 

d 2 7 jbnx£H& mmwm* tewmMs 30 

[0 0 5 4] Z(D£o tM?>7-f 2 lftfflWt 
[00 5 51-oiD, «-^«<4S3Sa5 3 miMOilDi* 

«tt 2 2 t % inaflE^-^itta^a 2 3 nmsvm 
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«£IS2 4 i:, JKSfWfMS: 2 5 fcs S>W D 2 7 
k> ftJ8*5*-**La#S2 8 fc % S5HU-^fiS2 9 k 

[0 0 5 6] {EoT, flS^(D^!i^<§lt# 
ttfc^OT-, GPS«Mi>6©«»*SfliTfS<»:^]*Ji 

[0 0 5 7] k£3#> «tt-b>-9-©»»*HRpt:«^ 
[0 0 5 8]fllx.tf> 3>W P<DK£I2« t>?tPX'$>Z> 

[0 0 5 9] *Kft5;fr&©*;%&lJtGPS&ft 
JB2ii»6©ffi«i:^5©ttx B$W©«ilfc#oTKi£tt 

Jiinbttv^. co*affl-7i4*n©EHE»*tftm-r«* 

©T-fctK Mft©njiiS;§f 
a. 

[0060] ^;t-, mm»5a>mttt„ insiois 
m.mtfrt>mmmm*&t!)Z>b.mz* Gpsgti2t 

GPSgiWll 0tT'f77V>->t;i'GPS->XTi 1 

its. 

[00 6 1] **;i/^>7^;i/^ 2 1 1±, s?V-r 

[00 6 2] HuMffl*jitf©ii«i: I N S CD« 

[0 0 6 3] 

[an 



9 10 
{d* ttSW(GPS) 

s h 

tfg e *5?W PK'J7 HBt 

z : hJU 
H : W»f55iJ 

£fex IW«7£^±£-efci;i*©i&K (=0) fc« [ 0 0 6 8 ] "r—ZWmUA ©ffi45#&fU¥3M£3 0 

ffijaskfrfeaawss***^^ mus^* wvxkcit «^ttBB» 3 

^<i**K>TV>So i i:9l£©£fiWS0 i t*Wits (SI). C©#fitfS0 
(SH^«i:INS©ffltttC[BA»^(fiEa^4*fe'r, fit ' [0 0 6 9]»C, fi!fll©ffi»ffiB j fc.H5Illffl^ffi^0 

Htt«^*b;i/Xk**»-cv>s. j fc#f3«sftT^3*»*dfr*fflW-f* (S3) . 

[0 0 6 5] fftto-fev ffi-&«tSSIfiSI5 3 W\ GPSf [0 0 7 0] r S 3 Ci>Ut\ mI[I]©*B*M4B j 
7h?';7f'»INS!:^n;tT\ 11» 40 1 1±, y 7" S 1 *Ctt»&A/£4fltf(Mi i tfitiLftt 

*»W-5i»»6©7 s -4'T»#»iS*ai«b'C(tt«4:ja«* f'^SlCIt (S5). 

IE*fc*»*. £fe, GPSffilMGPS^i^f! [0 0 7 1] 3 CfcHT* KliKDffiM' 

©SS^S(lT-gSJ®mT-Ji, GPS8iM2<cf>Ofi &B j2lV«ria©#ffifc0 J fc^fBttt^tUTV^fcflS 

B^-*lC*r3lv£#tflj8fcJi3gLTV'>a. P8*©(ttHIB©ffilitL**«)S (S7) . 

[0 0 6 6] ft-at, V>**4»BfT?t)jE*3Eci*IS8CD [0 0 7 2] *LT> 0jSVSB«t 

[0 0 6 7] ^-i'jaaffoiWiBiwr*. a tt**gRt*»s (S9) . ^©tt*^SR©ff/±i 

So 50 [0 0 7 3] 
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[»1] 



2 s i n 

2 



£35U 

* 1 : jfi I CSltS^fiEfl 

£^1"*:EP 0j) 4JS#> C©2o©& 

BJA»^ffi®*g|V>feiitCD^4*»S. ^bT, CCD 

^^^r^c^s^T-©^**©.!.^ itss* 

-5 P3© ffl* R £ t ©f * -5. 

[0074] ufru Buai©g!titt#t 2 ^w©-a® 

i« j fc*»6 2jftHB*iie*E«L**», .rfflgiSILi: 
#«WS0i» 0 j 2:£l**eiB*¥&R£:ftftTV^. ft 20 

[0 0 7 5] ffl^gRtf^Si^ CCffl*^ 

sr«s^s3 i i~m.m3.mm^m3 2*m^xwm 

IT (Sll) , MlMTtS. 
[0 0 7 6] ttlte*>, CO«*5*-^*«B»*f^-a 

-tti^ if©J;dt:j«abTVASjSBft>*«l^ 

[0 0 7 7] Sfes atBfcV»$©fcj\ tt*5oTV>i.«W 

W©*r«fee©«*WSjKi:* S-ir«tt«iJfigP4*?,©a 

[0 0 7 8] flajitt, 05© (a) t^-r«fcdfcs ftSO 
*W7#at):K£j£fTbT^5S-&fciU S£"1f t£$!ISg|5 

fflS».4 ©*^ftS^lf*^S 3 3 (DfflftM 0 p 2 i: #A 

[0079] -r^tot,, mmmm tmsskamnmi* 

[0 0 8 0] Sfex 05© (b) C^f-taC, ft** 

«^«ttsiisa5 3 <D&nmn ^® 2 Qt^ou-^ne 

q 1 i:> ^-^ftiatf 4®*Hff#fJ-JM*£3 3©flSf4 
^(9q 2 i:*sA^-rs^Cip«b, d0lnlftt0q«j£ 

[0 0 8 1] ItPJW 7 hjlBS^CP^CJptt 50 
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(Dm'&tt<Dmm&*%M.\,xm&<Dmtt%m**V>X 
v^fflT-s ^t^jKtfjgv^Bf^EisfS^iiS. 
[0 0 8 2] ftoT, Jr©£3fcgMITE*V>T*s IE 

[0 0 83] &*>\ ±fBHS£©m«T-lis itESfflffl^ 
?SS$£jEh bfci«liR©0*2lvJK««iE**»T* «k 

[0 0 8 4] 

[0 0 8 5] n^9f 2 caw*, b>^;K femmm 

[0086] n«a 3 c intfs h >*;k ffiji&stt 
©Kfa©^E* sshkjcsds c t&RjmtttZo 

[0 0 8 7] W*JS4'fc«kfttf* ifO-fcd&JSSrFC* 
r -f Ax-m z c A 5 m B i: * 5 . 

[0 0 8 8] ffi&B 5 fc «tt<£S* ««*3E£ 

tt m & n d »* 6 n-t o 

[0ffi©16S#fc8&(8] 

im 2 ] &&mte&mmmmB<D&$»<DmMmmmx<$> 

So 

[03] «j»t*ginit*a©iftff*Kiji-r*7D-^i» 
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